Effective exploitation of meteorological archives has long been impeded by an inability to rapidly identify relevant data, and by the difficulties of managing the large volume of data involved. We present a new approach to archiving meteorological data that addresses these problems.
Introduction
Effective exploitation of meteorological archives has long been impeded by an inability to rapidly identify relevant data, and by the difficulties of managing the large volume of data involved. To address these problems, we are developing MetVUW Workbench, a system for intelligent retrieval and display of historical meteorological data [1, 2] . The system is intended to serve as an intelligent assistant for meteorologists: a kind of "memory amplifier" that allows meteorologists to rapidly locate and analyze historical situations of interest. Past situations are retrieved by specifying high-level descriptions of their content, using a graphical query language.
We expect MetVUW Workbench to prove useful as a decision aid for weather forecasters. For example, forecasters at the Meteorological Service of New Zealand currently engage in a "map session" every morning, during which they compare competing prognoses to arrive at a consensus forecast. At the start of a map session, the forecasters are usually in agreement as to the important meteorological systems and processes that are driving the current weather situation, but they often disagree as to how these systems and processes will develop over time. MetVUW Workbench can help the forecasters resolve such disagreements, by furnishing them with concrete data to support or rebut their intuitions.
Consider, for example, the problem of predicting the rate of eastward progress of a cold front associated with a mid-latitude cyclone to the west of New Zealand. Such weather systems usually develop over the Tasman sea between Australia and New Zealand, where few observational data are available. As a result, the predictions of numerical weather models can be unreliable, and forecasters consequently rely heavily on their intuition and past experience. Not infrequently, intuitions clash. In such a situation, MetVUW Workbench can provide useful guidance. We envisage that forecasters will follow a three-step process when using MetVUW Workbench:
1. Determine the key meteorological systems and processes in the current weather situation that are driving a meteorological phenomenon of interest-in the present example, the rate of eastward progress of a particular cold front.
2. Formulate a query to MetVUW Workbench in terms of these systems and processes.
3. Analyze, summarize, and display the cases that MetVUW Workbench returns, thereby gaining insight into the likely time evolution of the cold front. For example, the forecasters might request a frequency distribution that summarizes the rate of eastward progress of corresponding fronts in the retrieved cases.
Used in this way, MetVUW Workbench can provide evidence for or against the prognoses of numerical models, or help adjudicate between alternative forecasting hypotheses, or draw attention to possible outcomes that forecasters might not have considered. Detailed examination of particular past cases can also usefully guide analysis of the current situation.
In addition to assisting weather forecasters, MetVUW Workbench should prove useful to research scientists in meteorology. Until now, it has been difficult to carry out large-scale empirical investigations because identifying relevant data is a very labor-intensive task. MetVUW Workbench addresses this problem by providing a summary view of a much larger archive that can be used to quickly identify large numbers of relevant examples from descriptions of their content. This summary view is small enough to be stored on hard disk at comparatively modest cost. Once relevant past examples have been identified, more detailed data describing them can be retrieved as needed, using slower media such as CD-ROM or magnetic tape.
A Case-Based Approach
MetVUW Workbench is the retrieval component of a case-based reasoning system. Case-based reasoning is an approach to problem solving in which past solutions to old problems are retrieved and adapted to solve new problems [3] . MetVUW Workbench assists in the retrieval of relevant past cases, but leaves their adaptation and interpretation to the user of the system. Each case is a slice of time for which meteorological data is available. The data available to us include satellite imagery stored both in digital form and on laser disc, a document archive, and numeric fields from the European Center for Medium-range Weather Forecasting (ECMWF).
Examples of numeric fields include pressure, temperature, relative humidity, wind speed, and relative vorticity, all of which are available at 14 different levels of the atmosphere. MetVUW Workbench currently possesses 3.5 years of data at 12-hour intervals, making up a case base of about 2,500 cases. We are currently focusing on a region covering about an eighth of the globe, centered on Australasia. We anticipate that a further 10 years of data will soon be available to us, allowing us to expand the case base to about 10,000 cases. Within several years, re-analyses of historical data by the ECMWF and other organizations are expected to produce data sets covering a period from World War II to the present, which would permit construction of a database of over 36,000 past cases.
MetVUW Workbench retrieves cases by matching queries from a user against explicitly represented index labels. Queries identify particular high-level features of the current situation that appear to be meteorologically significant: low and high-pressure systems, for example. Index labels are representations of high-level features of the weather situation in a case. As far as possible, these features are extracted automatically or semi-automatically from the raw data. We are currently focusing on features such as local minima and maxima that are easy to derive automatically from ECMWF fields.
Because MetVUW Workbench is a case retrieval system as opposed to a full case-based reasoner, the only high-level features of meteorological situations that are represented in its knowledge base are the index labels for cases. The rest of each case consists of raw satellite imagery, ECMWF data, and text. In the current prototype system, all of the raw data are stored on hard disk; in the completed system, we expect much of this information to be stored on CD-ROM.
It is important to emphasize, however, that index labels typically provide much richer descriptions of meteorological situations than the features of any particular query. Once a case is retrieved, its entire index label is available and can provide useful summary descriptions of the case, or can contribute to a summary description of a set of retrieved cases. The index labels of temporally adjacent cases can also be useful in forecasting applications. In the forecasting example of the previous section, the likely time evolution of a cold front can be determined by retrieving cases that match the current weather situation, then examining the index labels of the cases that immediately follow each retrieved case in the historical record.
In developing MetVUW Workbench, we have faced design challenges in three areas:
Knowledge representation. The language for representing queries and index labels must be able to describe high-level features of past weather situations as they vary in both space and time. It must be possible to describe objects such as low and high-pressure systems, ridges, troughs, jet streams, and frontal regions. It should also be possible to represent properties of these objects as they develop over time, such as the track of a centre of low pressure.
A suitable representation language must thus address non-trivial problems of spatial and temporal representation.
Case Selection. Not only should it be possible to represent all queries of interest, it must also be possible to quickly retrieve past cases from memory that plausibly match these queries.
The large size of MetVUW Workbench's case base gives rise to special difficulties that are not faced by many other knowledge-based systems. In particular, the set of index labels is too large to conveniently hold in primary memory. The index labels for low and high-pressure systems in the Australasian region requires about 65 Mb to store. As the system is extended to incorporate more high-level features of weather situations, and as the period of time covered by the case base grows, storage requirements will further increase. We expect that a comprehensive collection of index labels for a 10-year data set covering the Australasian region will require on the order of 1 Gb to store.
Similarity assessment. Past situations seldom exactly match a query; moreover, certain kinds of mismatch are much more important meteorologically than others. A smart partial matcher is required to sensibly distinguish good matches from bad, and to rank past situations by goodness of match.
The Architecture of MetVUW Workbench
The architecture of MetVUW Workbench is shown in figure 1 . Users interact with the system via a query constructor, which allows them to formulate queries in terms of high-level descriptions of the meteorological systems and processes that appear to be relevant in the current situation.
Queries are constructed by drawing representations of meteorological phenomena on a rectan- and regions, using a notation similar to an abstract weather map. We chose this kind of interface so that the components of queries can be entered quickly and easily using a notation that is familiar to weather forecasters.
A sample query is shown in figure 2 . The query requests a complex low-pressure system over New Zealand with high-pressure systems to the east and west. The numbers in the center of each region indicates (1) the location of the pressure extremum and (2) the magnitude of the pressure difference between the mean sea-level pressure at that location and the pressure at the perimeter of the outermost enclosing region.
After a query is constructed, a symbolic representation of it is passed to the case selector. The case selector uses key features of the query, including spatial indices, to retrieve past cases. The Figure 2 : A query requesting a complex low-pressure system over New Zealand with high-pressure systems to the east and west.
purpose of case selection is to allow the time it takes to retrieve a given number of cases to scale sub-linearly with the size of the case base. In particular, case selection cannot simply scan the entire case base (we assume serial computer hardware).
Case selection presupposes a suitable memory organization for index labels, and a retrieval mechanism that exploits this memory organization to efficiently access cases whose labels match a query. MetVUW Workbench uses a relational database called Postgres to implement case selection [4] . Postgres provides a number of sophisticated indexing methods, including R-tree indexing of spatial data [5] . This "heavy duty" machinery was chosen so that the current system will readily scale up to a very large case base.
Once a collection of past cases has been retrieved, it is passed to the similarity assessor, which uses a knowledge-intensive partial matching process to rank them according to how well they match the query. Those cases whose match quality falls below some threshold are discarded.
Case retrieval thus proceeds in two stages. First, case selection uses Postgres' efficient retrieval machinery to quickly identify a manageable number of candidate cases that need to be explicitly considered. Second, these cases are filtered and ranked using a more costly but accurate process of similarity assessment. This combination of case selection and similarity assessment facilitates fast, high quality retrieval.
It is important to distinguish two notions of retrieval that arise in this architecture: case retrieval itself, and what we are calling case selection. Each has its own representation vocabulary for index labels. Case selection employs simple labels that meet the often strict constraints of its efficient retrieval mechanisms. In contrast, case retrieval employs a richer representation vocabulary that also supports similarity assessment.
For example, during case selection, Postgres' R-tree indexing mechanism allows efficient retrieval of rectangular regions oriented along lines of latitude and longitude that are spatially related in some way to a similarly oriented rectangular region in a query. Spatial relations include contains, contained-in, and overlaps. Because R-tree indexing is available, queries in MetVUW Workbench employ rectangular bounding boxes of low and high-pressure systems as index labels for case selection. Moreover, queries request cases containing systems that bear one of Postgres' built-in spatial relations to the corresponding system in the query. In contrast, similarity assessment uses arbitrary polygons to represent low and high-pressure systems, and computes a more complex (and more informative) graded match between corresponding systems in the query and the case.
Representing Queries and Index Labels
Queries are constructed using graphical objects such as points, vectors, and regions that denote highlevel meteorological features. There are three kinds of features: static, dynamic, and relational.
Static features describe meteorological phenomena at particular points in time. Examples include the center and extent of a low-pressure system, the orientation of a ridge or trough, and wind direction. Dynamic features encode properties of these phenomena as they vary over time, such as the path followed by a low pressure system or whether a trough is intensifying. Relational features encode spatial constraints between features.
Corresponding to each graphical object in a query there is an underlying symbolic representation that is used in case retrieval. Index labels are also constructed using the same representation vocabulary. Rather than attempting a survey of the full range of available representations, here we restrict our attention to representation of low-pressure systems.
Our representation for low-pressure systems encodes key aspects of their shape, geographical by forecasters. 1 We encode the geographical extent of a low-pressure system using a high-resolution polygon that represents its outer boundary. Similarity assessment uses this polygon to compute such quantities as degree of overlap with a region in the query. For purposes of case selection, we also store a rectangular bounding box that approximates this polygon.
Although simple low-pressure systems have uninteresting shape, they are often clustered together into groups of two or more that overlap, as in figure 3 . The entire region covered by a cluster is likely to experience adverse weather, especially near centers of low pressure. It is therefore important to encode the shape of clusters in a way that makes clear the location of regions of low pressure.
A cluster is represented as a tree whose leaves are simple low-pressure systems and whose internal nodes are smaller clusters. A cluster is an ancestor of another cluster in the tree if and only if there is a pressure contour associated with the ancestor that completely encloses the contours of its descendant. This tree structure is used during similarity assessment to compute the degree of structural match between a query and a case.
A graphical representation of the low and high-pressure regions in two typical index labels is depicted in figure 4 . These are the labels for the two best-match cases retrieved by MetVUW
Workbench in response to the query of figure 2, above. The tree to the right of the top diagram indicates the cluster structure of the labeled low-pressure system in the diagram to its left.
Representing index labels using Postgres
All representations of index labels in MetVUW Workbench are automatically extracted from the ECMWF data and stored in a Postgres relational database. The Postgres representation of a portion of the index label depicted in the top diagram of figure 4 is given in table 1. We only include the representation for the low-pressure systems in the index label. Regions of high pressure are stored using a similar scheme. Each case is allocated a unique identifier, stored using the "Case Id" field.
Similarly, each region of low pressure has a unique identifier, stored using the "Reg. Id" field. Table 1 : Portion of an index label describing low-pressure regions, excluding the "Perimeter" field.
A rectangular bounding box that approximates this polygon is also stored in the "Bounding Box"
field. The "Peri. Pres." field holds the pressure at the perimeter of the polygon.
As discussed above, complex low-pressure systems are represented as clusters of simple lowpressure regions. Clusters are built up out of individual regions of low pressure; the tree structure of a cluster is encoded using the "Parent Id" field. Regions of low pressure are used to represent both the simple low-pressure systems at the leaves of the tree and the enclosing contours that make up its internal nodes. These contours are chosen to be as large as possible without omitting cluster structure. The "Children" field of a region contains the number of immediate subordinates in the cluster rooted at that region.
Case Selection
Case selection retrieves past cases from the Postgres database that are likely to match a query from the user. Case selection proceeds in two stages. In the first stage, Postgres queries are constructed and executed for each weather system in a user's query. Postgres queries are constructed using only the outermost region of each cluster in the query-that is, using the root of the cluster tree.
Each query retrieves all regions in the case base of the same type (high or low pressure) that satisfy the following conditions:
The region's bounding box overlaps the bounding box of the system in the query.
The pressure extremum of the region is contained in the area of overlap between the region and the system in the query.
Similarly, the pressure extremum of the system in the query is contained in the area of overlap.
If the system in the query contains subordinate regions, then the corresponding region in the case has at least as many immediate subordinates.
Each Postgres query is implemented as a select/project operation that builds a set of Case Id's for cases that contain regions satisfying these conditions.
A certain degree of latitudinal (north-south) and longitudinal (east-west) displacement is permitted between systems in a user's query and corresponding systems in a case. A greater degree of longitudinal displacement is permitted than latitudinal displacement, because weather systems tend to naturally progress from west to east, and displacement in this dimension can often be attributed to infrequency of sampling. Latitudinal displacement is more significant, however, because the observed weather at a given location is considerably affected by latitudinal deviation, and because the physical behaviour of weather systems is strongly conditioned by their latitude. Allowance for latitudinal and longitudinal displacement is encoded in Postgres queries by expanding the bounding box of each system in a query by fixed amounts in each dimension.
In the second stage of case selection, the sets of Case Id's retrieved in the first stage are intersected using a relational join, producing the set of cases that possess regions corresponding to every stage 1 query. The output of this Postgres query is a set of Case Id's; this set is returned as the result of case selection. The cases depicted in figure 4 are two of the cases selected for the query depicted in figure 2.
Similarity Assessment
The similarity assessor takes as input a query and a set of cases retrieved by the case selector. It sorts the cases by their degree of partial match to the query. Cases that match too poorly are discarded. It is useful to divide similarity assessment into two subtasks: assessing similarity between individual low-pressure regions in a query and a case, and using cluster structure to combine those assessments into an overall assessment of goodness of match.
Assessing similarity of individual regions of low pressure
For purposes of pairwise matching, similarity assessment makes no distinction between regions internal to a cluster and the simple low-pressure systems at the cluster's leaves. To compute the similarity between a low pressure region in a query and a corresponding region in a case, MetVUW
Workbench computes the following six parameters.
Relative location of pressure minimums.
A measure of the displacement between the pressure minimums of a system in the query and a system in the case is computed. Longitudinal (eastwest) displacements are usually of less concern than latitudinal (north-south) displacements, because weather systems tend to naturally progress from west to east, and small displacements in this dimension can be attributed to infrequency of sampling. Latitudinal displacements, on the other hand, are penalized more heavily because the observed weather at a given location is considerably affected by such deviations, and because the physical behaviour of weather systems is strongly conditioned by their latitude.
2. Aligned overlap. The pressure minima of two low-pressure systems to be compared are aligned with one another, then the ratio of the area of the overlap between their bounding boxes to the combined area they cover is computed. This ratio gives a measure of similarity of shape that is cheap to compute.
Aspect ratio.
The aspect ratio of a low-pressure region is the ratio of its the lengths of the sides of its bounding box. A region's aspect ratio gives a second inexpensive measure of region shape.
4.
Density. We define the density of a low-pressure region to be the ratio of the area of its high-resolution polygonal approximation to the area of its bounding box. Density gives a third way of computing similarity of shape.
5.
Area. The three previous parameters all facilitate comparisons of shape independent of a region's size. However, the relative size of low-pressure regions to be compared is also important, so the area of the high-resolution polygonal approximation to each region is also considered as a separate parameter.
6. Intensity. The intensity of a low-pressure system is the difference between the mean sea-level pressure at its boundary and the mean sea-level pressure of its pressure minimum.
An adequately good match on parameters 1 and 5 is considered essential for a region in the query to match a region in the case. If a match between a pair of regions falls below a certain threshold on either of these parameters, then the match fails altogether, and no global match is permitted between a query and a case that includes this correspondence between regions.
Assuming that the match exceeds this threshold, all six parameters are combined to compute a goodness of match between a pair of low-pressure regions. Ten numbers are computed in all:
the degree of match on relative location of pressure minima, the degree of aligned overlap, and the aspect ratio, density, area, and intensity of each of the regions to be compared. The goodness of match is computed as the sum of the first two parameters together with the ratios of the smaller to the larger value for each of the other parameters, using appropriate weights for each summand.
Assessing similarity of clusters
MetVUW Workbench computes an overall goodness of match between clusters in a query and a case by searching for the best set of pairwise matches between the individual regions in the clusters that also constitutes an approximate structural match between their respective tree structures. The system employs a form of width-bounded depth-first search with successor ordering [6] .
The search enumerates sets of possible correspondences between regions in the query and regions in the case and returns the best matching set of correspondences that it finds, if any.
Two structural constraints are imposed on the sets of correspondences. First, the relation that the correspondences defines must be one-to-one. That is, each region in a query must correspond to exactly one distinct region in the case. Second, if a region R q in the query corresponds to a region R c in a case, then each child of R q in the cluster tree must correspond to a descendant of R c .
The second constraint enforces only an inexact match on cluster structure: children need not correspond to children, but can correspond to arbitrary descendants. Inexact matching is necessary because cases with slightly different cluster structure can be quantitatively very similar, and should therefore match the same queries. Consider, for example, the query depicted in figure 5 . Enforcing an exact match on cluster structure would permit a match to cluster (a) of figure 6 , while ruling out a match on cluster (b). These two systems may be only marginally different, however: for example, a slight deepening of the subsidiary low-pressure regions shaded in grey in cluster (a) might transform its representation into a cluster with the same tree structure as cluster (b).
Evaluation
A complete evaluation of MetVUW Workbench should include evaluations of both case selection and similarity assessment. Similarity assessment must be evaluated with respect to the requirements of end users of the system. Case selection, in contrast, can be evaluated without consulting users or experts, assuming that an appropriate procedure for similarity assessment is already in place.
We have not yet rigorously evaluated similarity assessment in MetVUW Workbench, but we have carried out evaluations of a number of features of case selection. These evaluations have guided our design choices during the construction of MetVUW Workbench.
Case selection exists for efficiency reasons only: if similarity assessment were adequately efficient, or if scaling considerations were unimportant, then case retrieval could be implemented simply by applying similarity assessment to the entire case base and returning those cases that well match the query. Let us call the list of cases produced in this way the benchmark list (for a given query). Benchmark lists of cases produced by similarity assessment provide a convenient standard for evaluating case selection. A procedure for case selection cannot be faulted if when using this procedure, MetVUW Workbench returns all and only the cases on the benchmark list.
Two standard evaluation metrics from the information retrieval literature are useful in evaluating case selection [7] :
The precision of an information retrieval system is the percentage of items retrieved in response to a query that are good answers to the query.
The recall of an information retrieval system is the proportion of good answers to a query that the system retrieved, expressed as a percentage of the total number of good answers that exist in the entire database.
In the context of case selection, precision measures the percentage of candidates returned by case selection that are contained in a query's benchmark list. Recall measures the percentage of cases in the entire benchmark list that case selection returns.
For a wide variety of retrieval problems, there is a tradeoff between recall and precision. A
given algorithm for case selection may be able to achieve a high level of recall, but in general this requires sacrificing precision. The extreme case is to retrieve the entire case base, which achieves 100% recall at the price of very low precision.
We have carried out a number of experiments involving computation of recall and precision that have helped us to choose appropriate Postgres queries for case selection. For example, we determined the allowable degree of latitudinal and longitudinal displacement for low and highpressure regions during case selection as follows. We chose five representative queries and tested their performance using a number of different values for latitudinal and longitudinal displacement. The precision and recall of each was computed with respect to a benchmark set obtained by applying similarity assessment to the entire case base and retaining the 20 cases that matched best.
We introduce two adjustable parameters Lat and Long that specify amounts to expand rectangular bounding boxes of low-pressure systems in queries in the north-south and east-west directions respectively. The average precision and recall of the system over our five sample queries is summarized in table 2. Three different settings for Long and two different settings for Lat were considered.
In deciding which combination of settings is "best," it is useful to review the benefits of high recall and high precision. In the context of case selection, high recall is desirable because it means that case selection retrieves most of the cases in the database that similarity assessment ranks as good matches to a query. If we assume (and this is a big assumption) that similarity assessment lines up with user requirements, then high recall means that users can be confident that the system has retrieved most of the relevant cases.
High precision is also desirable, but for a different reason. Similarity assessment matches and assesses every case retrieved by case selection, discarding those that fall below the threshold for membership in the benchmark list. High precision means that most of the cases retrieved by case selection are considered by similarity assessment to be good matches to the query, so similarity assessment is inexpensive (as measured by computational effort per relevant case retrieved). In contrast, low precision means that similarity assessment is expensive, because similarity assessment then spends most of its time matching and discarding irrelevant cases.
At one extreme (perfect recall, low precision), the user can be certain that everything relevant is retrieved, but the system might spend several hours answering a query. At the other extreme (perfect precision, low recall), the system responds very quickly, but the user has reason to suspect that the system failed to retrieve most of the relevant cases. Lat = 4 and Long = 10 appear to achieve the best balance between precision and recall of case selection. About two-thirds of the relevant cases are retrieved, which we consider to be a working minimum. Even so, the precision achieved by case selection is quite low, which means that similarity assessment must spend most of its time matching and rejecting cases that are not a good fit to the query. It is important to emphasize that the user does not see any of these irrelevant cases: although many irrelevant cases are identified by case selection (the first stage of case retrieval), they are eliminated by similarity assessment (the second stage of case retrieval) before any cases are presented to the user. Nevertheless, the time spent selecting and rejecting irrelevant cases appreciably slows down case retrieval. We are continuing to search for case selection algorithms that achieve higher precision while preserving an acceptable level of recall.
System Status and Future Work
An initial prototype of MetVUW Workbench has been completed. Representation and retrieval of low and high-pressure systems is fully implemented, together with software for displaying data associated with particular cases [8] . A novel mechanism for speeding up case retrieval has also been implemented [2] . Using this mechanism, a typical query takes MetVUW Workbench on the order of a minute to process on a Sparc 10 model 30 with 64 Mb of memory, using our current case base of 2500 cases.
It remains to extend MetVUW Workbench to further high-level features of the mean sea-level pressure field such as ridges and troughs, and to apply similar techniques to other numeric fields such as wind speed and potential vorticity. It also remains to develop software to compute summary descriptions of the sets of cases that MetVUW Workbench returns. We also intend to augment the system to allow queries involving temporal information; indeed, this will be a particular focus of the next stage of our research.
Throughout the development process, we have maintained links with the Meteorological Service of New Zealand (MSNZ). Advice from MSNZ has played a valuable role in determine which aspects of low and high-pressure systems are meteorologically significant and should therefore be included in queries. At a later date, we hope to actively involve MSNZ in the evaluation (and calibration) of similarity assessment.
Conclusion
The primary purpose of MetVUW Workbench is to facilitate effective access to large volumes of meteorological data. MetVUW Workbench provides a convenient query language for specifying high-level descriptions of weather situations; the completed system will also provide useful analyses and summaries of the cases it retrieves.
Our philosophy is to include in the query language only those high-level features of greatest interest to meteorologists, such as low and high-pressure systems, frontal regions, and regions of high wind shear. Indices for low-pressure systems occupy an average of only 0.5% as much space as the raw data of a case. When the query language is fully implemented, this figure may increase by a factor of 5-10. MetVUW Workbench thus provides a concise view of a larger archive that can be used to efficiently retrieve past weather situations from descriptions of their content.
For example, the index labels for a 30-year record of data in the Australasian area will require about 3 Gb of storage. This quantity of data can easily be accommodated using today's hard disk technology at comparatively modest cost, and can be efficiently retrieved using relational databases such as Postgres. In contrast, a 30-year set of raw numeric data and satellite imagery would take about 60 Gb to store, which is currently beyond the hard disk capacity of all but very expensive computers, but which can be easily stored on CD-ROM or magnetic tape. Using MetVUW Workbench in combination with these slower media thus constitutes a cost-effective solution to the problem of managing large volumes of meteorological data.
To the best of our knowledge, MetVUW Workbench is unique in the domain of meteorology:
we know of no other system that can retrieve past weather situations from high-level descriptions.
The system exemplifies a new generation of AI tools that address the problem of organizing and
